Aim The object of this study was to compare function and quality of life after restorative proctocolectomy (RPC) with ileal pouch-anal anastomosis (IPAA) surgery having two different pouch designs.
Introduction
Restorative proctocolectomy (RPC) with an ileal pouch was first described by Parks and Nicholls in 1978 [1] and is now the treatment of choice for patients with ulcerative colitis (UC) and familial adenomatous polyposis (FAP) in need of surgery [2, 3] . RPC is a technically demanding procedure done to improve a patient's quality of life by maintaining anal function after removal of almost all diseased large bowel mucosa. The most commonly used pouch design is the J-pouch, but other designs, such as S-, W-or a double-folded Kock pouch (K-pouch) have been described [4] . The operation is safe, with a mortality of around 0.1% [5] . The procedure is, however, associated with a short-term complication rate of 20-33% and a long-term complication rate of 30-50% [2, [5] [6] [7] . A multicentre study from the UK national ileal pouch registry (n = 2491) reported an incidence of long-term failure (defined as pouch excision or indefinite diversion) of 9.3% at 5 years and 16.1% at 10 years [6] . Between pouch failure and success there is a wide range of bowel function, and the reasons why functional results vary are not fully known. Several recent publications have demonstrated that the volume of surgery and specialization of the unit have a beneficial effect on the outcome in terms of failure and complications [8] [9] [10] [11] . Failure is most commonly caused by septic complications and unacceptable function, often without obvious cause.
The main object of this study was to determine whether there are differences in function and quality of life among patients undergoing RPC having two different pouch designs (J-and K-pouch). In addition, we wanted to investigate how consistently patients report postoperative quality of life and function within a short period of time of surgery to test the reliability of patient responses, as these parameters are often are used to measure success.
Method
The study was approved by the regional and local ethics committee (REK no. 2012/363). Patients were sent written information about the study and information on how the data would be used. There were 103 patients identified from hospital medical records who had undergone RPC from 2000 who had had the loop ileostomy closed by June 2013, with the point of inclusion at least 6 months after closing of the loop ileostomy. Preoperative, perioperative and postoperative information was gathered by an independent investigator (M.L.S.). The following variables were analysed: gender, age, indication for surgery, pouch formation and postoperative short-and long-term complications.
Surgical technique and follow-up
Most patients (57%) were operated on in three stages, having undergone an initial subtotal colectomy before pouch formation. Most of these were performed laparoscopically, many in other hospitals before undergoing RPC in our unit. RPC was performed through a low midline incision in all patients. Four consultant surgeons were part of the 'pouch team' during the study period, and at least two were present at every operation. All patients were diverted with a loop ileostomy and the median time to stoma closure was 107 (23-275) days. Patients operated on before 2008 were given a stapled J-pouch. All patients operated on in 2008 and onwards had a hand-sewn, double-folded K-pouch according to the technique of continent ileostomy (Kock pouch) (Fig. 1) . Both pouch types were constructed from two 15-cm segments of terminal ileum. The pouch-anal anastomosis was stapled in 93 patients and 10 patients had a hand-sewn anastomosis. The anastomosis was created within a maximum of 2 cm above the dentate line. All patients were followed in the outpatient clinic at 3-to 6-monthly intervals until function was stable. Thereafter, follow-up was on demand if problems occurred, but all patients were seen at 3-to 5-year intervals.
Questionnaire
All patients were sent a validated questionnaire regarding their quality of life (Short Form Health Survey (SFHS) 36; SF-36 [12] ). The interviews were performed in 2012 and at the end of 2013. Patients who agreed to participate returned the completed questionnaire together with approval for a telephone interview regarding pouch function. The investigator (M.L.S.), who had never met the patients, conducted the telephone interviews using a pouch function score (PFS) according to Oresland et al. [3] . This is defined in Table 1 .
To investigate how consistently the patients reported function and quality of life, we asked the responders to repeat the questionnaire and interview 12-15 months later. This was only relevant for patients who had had their stoma closed by June 2012, as they had to have restored anal function for at least 6 months before responding to the first questionnaire. During the telephone interview, patients were asked about all complications, including those treated at other hospitals or by their general practitioner, and specifically about pouchitis and reoperations. This procedure was performed to assure that complications not recorded in the patient's hospital file were also included in the analysis. Pouchitis was defined as an episode with increased frequency of defaecation and/or bloody stool, treated with antibiotics.
Function
Function was assessed using the PFS described by Oresland et al. [13, 14] , in which stool frequency, leakage and urgency are the main domains. The score ranges from 0 to 16, where 0 is excellent and 16 is poor function. The complete scoring system is shown in Table 1 .
Quality of life
Quality of life was assessed using SF-36, a questionnaire consisting of 36 items grouped into eight multi-item domains including physical functioning, role limitations due to physical problems, role limitations due to emotional problems, bodily pain, social functioning, mental health, vitality and general health. Each group is given a score from 0 to 100, where 100 represents excellent quality of life. The Norwegian version of the SF-36 has been validated and tested on the average Norwegian population [12] . Our scores were compared with those of the average Norwegian population matched for age and gender [15] .
Statistical analysis
Differences in age, quality of life and PFS between patients with J-and K-pouches were tested using an independent samples t-test. Differences in binary parameters in function of patients with K-and J-pouches were calculated using binary logistic regression, testing one covariate at a time. The correlation between function and quality of life was assessed using linear regression, testing the correlation between the PFS versus each of the eight domains in the SF-36. Differences in function and quality of life over time were tested using a pairedsamples t-test. Multivariate analysis was performed using linear regression. All analyses were performed using SPSS version 2.0. (IBM corp., Released 2013, IBM SPSS statistics version 22.0; Armonk, NY, USA). A value of P < 0.05 was considered to be statistically significant.
Results

Outcome of surgery
One hundred and three patients (35 female) had undergone RPC, with the stoma closed by June 2013. Of these, 99 had UC, two had FAP, one had Hirschprung's disease and one had cap polyposis [16] . The indication for RPC in patients with UC was failure of medical therapy in 56, acute colitis in 23, dysplasia in 15 and malignancy in five. The pouch design was J-type in 56 patients [median age 38 (range 12-64) years] and K-type in 47 [median age 40 (14-66) years]. Fifty-nine patients were operated on in three stages and 44 in two. In patients who had an initial colectomy, the mean operation time for the second stage of rectal excision and RPC was 3 h 28 min for J-pouch construction and 3 h 52 min for a K-pouch. The median follow-up was 11 years among patients with a J-pouch and 3 years with a K-pouch.
There were no postoperative deaths. The reoperation rate after pouch formation was 8.7% (9/103) and 2.9% (3/103) after stoma closure. Short-term complications are shown in Table 2 . During follow-up 12 patients underwent one or more reoperations at more than 30 days after stoma closure and 29 patients had one or more episodes of pouchitis. All long-term complications are given in Table 3 . No patients had the pouch removed or the intestine diverted. One patient had the pouch excised owing to local recurrence of cancer, and two died from metastatic disease from colonic cancer. The remaining 100 patients are alive with anal function.
Function
Eighty-eight patients agreed to be interviewed regarding their function, and of the 75 eligible for a second interview, 57 replied. The nonresponders did not differ from responders in terms of demographic characteristics or postoperative complications (Table 4) . At the primary interview, patients had a median of five bowel movements during the day, and once a week during the night. Urgency was present in 6.8%. Soiling or seepage was reported to occur more than once a week during the day by 11% and during the night by 19% (Table 5) .
In most domains patients with a K-pouch scored slightly better than patients with a J-pouch, but the difference was only statistically significant in that the latter more often reported function to be a social handicap (P = 0.041). Of the 88 patients, 97.3% would have had the surgery again. In a multivariate analysis of the PFS with age at surgery, gender, duration of follow-up perianal disease, pouchitis and septic pelvic complications, only the last correlated significantly with PFS (P = 0.027). There were ten instances of a septic pelvic complication in nine patients, five with a J-pouch and four with K-pouch. Thirty-five patients with a J-pouch and 22 with a Kpouch were interviewed twice at an interval of 12-15 months. Patients with a J-pouch had a median score of 6 (1-11) on each occasion (P = 0.436). Patients with a K-pouch had a median score of 5.5 (2-8) on the first and 4.5 (3-10) on the second (P = 0.847).
Quality of life
Seventy-eight patients answered the quality-of-life questionnaire at least once. Of the 65 who were sent the questionnaire twice, 45 responded the second time.
There were no significant differences in SF-36 between patients with a K-pouch (n = 40) or a J-pouch (n = 38) ( Table 6 ). Patients with a K-pouch had a tendency towards better function, but this was not statistically significant. The results are compared with those reported for the average Norwegian population (Fig. 2 ) [15] . As can be seen from the figure, the normal female population scores better than patients with RPC in the groups under 50 years of age in all domains apart from physical function and bodily pain. Above 50 years there is little difference between the groups. Among men, the normal population under 50 years of age scores better in general health and in the other domains the two groups score similarly. Figure 3 illustrates the correlation between quality of life in the eight SF-36 domains and function of the 77 patients who responded to both the SF-36 and PFS forms. The patients are divided into three groups according to the PFS as performed by Berndtsson et al.
Quality of life and function
[17] in a previous study. Patients with higher functional scores (poorer pouch function) had a poorer quality-oflife score in all eight SF-36 domains. Using linear regression, the R 2 value was highest in six of the eight domains when the pouch function cut-off was set to eight, indicating this was the best cut-off point in the scoring system where function was poor enough to impair quality of life. Table 7 illustrates R 2 values with different cut-off values. Among patients with a J-pouch, 11 (25%) had a functional score ≥ 8. Of these, one patient did not return the SF-36 form and is therefore not included in Fig. 3 . Seven (16%) patients with a Kpouch had a score of ≥ 8 (P = 0.29). Among the 45 patients responding on both occasions, there were 30 with a J-pouch and 15 with a Kpouch. Among the former, there was a significant change in social function between the two points of assessment (P = 0.047) but not in any other domain, while among the latter there were no significant changes in any of the eight items.
Discussion
There was no significant difference in the overall PFS, between patients with a J-pouch or a K-pouch, although there was a nonsignificant tendency towards better function in the latter. There was, however, a significant difference in patients reporting pouch function as a social handicap. Patients with a higher PFS had a poorer quality-of-life score, with a value of ≥ 8 being the best cut-off to predict a worse quality of life. In a similar study from 2007, Berndtsson et al. [17] found a significant correlation between functional outcome and SF-36 scores in all domains, with a score ≥ 8 significantly impairing quality of life. This finding indicates that small changes in bowel habit lowering the PFS to below eight can significantly influence a patient's quality of life. Among patients with a K-pouch, 16% had a PFS ≥ 8 whereas this was 25% in patients with a Jpouch, a nonsignificant difference. Lovegrove et al. [18] in a study from 2010 also found that increased 24-h and nocturnal stool frequency, urgency, incontinence and use of antidiarrhoeal medication had a statistically significant negative impact on quality of life. Furthermore, there was no significant difference between the SF-36 score in patients having either reconstruction, although those with a K-pouch had a tendency towards a better score in seven of the eight domains. In the groups below 50 years of age all the patients in the present study scored worse than the average Norwegian population in general health.
Women under 50 years of age also scored slightly worse in physical role, emotional role, social function, vitality and mental health [15] . Although K-pouch construction is somewhat more complicated, requiring hand suturing rather than stapling, there was little difference in the operating time. As the complexity of RPC requires a specialized unit with experienced surgeons, the slightly more complex construction of the K-pouch should be of minor concern, especially because this operation is meant to last for the lifetime of the patient.
A limitation of the study is the difference in the duration of follow-up. In the UK multicentre report of 2491 patients, function, particularly continence in the form of minor leakage, deteriorated slightly after 15-20 years [6] . This finding had also been observed in a previous study by Bengtsson et al. [19] . As our patients had a shorter duration of follow-up (11 years for patients with a J-pouch and 3 years for a K-pouch) we do not believe a difference in follow-up time alone can explain the tendency towards better pouch function in patients with a K-pouch. Another limitation is the difference in mean age at the point of follow-up; this was Table 5 Function of patients with a J-pouch or a K-pouch. significant, being 50 years in patients with a J-pouch and 43 years for those with a K-pouch. Several studies have shown a marginal worsening in function in patients over 50 years of age [20] [21] [22] . In the multivariate analysis in the present study, age was not significant as a predictor of a poorer outcome, but the number of patients was small. There is little recent research on pouch construction and how this affects function. A prospective randomized comparison from 1990 by Oresland et al. [13] found a nonsignificant tendency to better functional outcome in K-pouch patients. In a nonrandomized comparison of 412 patients, Bloc et al. [23] found better long-term function in patients with a K-pouch compared with a Jpouch. Due to the difference in construction, patients with the more spherical K-pouch have a larger pouch volume than a J-pouch with the same length of ileum. An inverse relationship between frequency of defaecation and capacity of the pouch was established in 1985 [24] , and other previous studies have also indicated that pouch volume contributes to postoperative function [13, 14, 25] . This is the main reason why all patients in our unit are now given a K-pouch. Further research on differences in pouch construction techniques is needed to investigate the effect on function.
The patients in the present study had a median of five bowel movements a day and at least once a week during the night. About one-tenth experienced soiling or leakage during the day, rising to one-fifth of patients with some leakage at night. Urgency was reported by 
RolePhysical
Role emotional Figure 2 Quality of life of patients in the present study and of the average Norwegian population assessed by SF-36 [15] . RPC, restorative proctocolectomy.
5.6%. These findings indicate that function in the present study is better or at least as good as that reported in the literature [2, 3, [5] [6] [7] 17, 23, [26] [27] [28] [29] .
As we had updated information from the medical files of all patients, we know that only 1 out of 103 had the pouch removed due to recurrent malignancy. No pouches were removed or defunctioned for any other reason, and only a few patients experienced short-and long-term septic pelvic complications. The complication and failure rate is the same or slightly lower than reported in the literature [2, 3, [5] [6] [7] 21, 23, 26, 28, 30, 31] . These good results may be due to a number of factors. All patients were defunctioned with a loop ileostomy, diminishing the clinical consequences of anastomotic leakage and septic complications, which is associated with poor function [6] . Additionally, there were four dedicated senior consultant surgeons in the pouch team during the study period, two of whom were trained in pouch surgery elsewhere. At least two of the four were present at every operation, enabling continuity and standardization of the surgical technique. In recent years, the pouch team has performed over 10 pouch operations per year, as recommended by the 2015 ECCO guidelines [32] . An inflammatory bowel disease multidisciplinary team has been established, and all patients were cared for on the same ward. We have skilled ward nurses and scrub nurses familiar with RPC and stoma nurses attending patients before they leave the hospital. The good results are reflected in the finding that 97.3% of responders would undergo the same surgery again.
In conclusion RPC performed in a specialized unit is safe and has a low complication rate. Patients are likely to have good function and almost the same quality of life as the general population. Small improvements in function have an impact on quality of life. A J-pouch is the most commonly used form of small bowel reservoir, other designs deserve further evaluation.
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